online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 106(5): 617-619, August 2011 One-third of the world's population is infected with Mycobacterium tuberculosis (MTB) and 8.9-9.9 million new cases of tuberculosis (TB) were reported in 2008 (WHO 2009 ). Whereas MTB is the main human pathogen, Mycobacterium bovis has a broad range of hosts and remains a serious zoonotic threat to human health (Probst et al. 2011) .
Interleukin-17 (IL-17), mainly produced by a subset of pro-inflammatory CD4 + T cells known as Th17 cells, has been associated with protection against TB. It has been suggested that they make an important contribution to the human antimycobacterial immune response (Khader et al. 2007 , Khader & Cooper 2008 , Scriba et al. 2008 . IL-17A contributes to the immune response against mycobacterial infection, especially the infection-induced granuloma formation (Umemura et al. 2007 , Yoshida et al. 2010 .
The protective efficacy of BCG vaccination against virulent MTB is significantly impaired in helminth-infected animals (Elias et al. 2005) . It has been shown that adolescents with helminth infections who took the second dose of BCG had decreased BCG-induced interferon-gamma (IFN-�� ����on��� �n���a��ng ��a� �o�m �n���-�� ����on��� �n���a��ng ��a� �o�m �n���-response, indicating that worm infections may impair both the Th1 response against TB and the efficacy of BCG vaccination (Ferreira et al. 2002) . However, the impact of worm-induced immunomodulation on immunity against TB and on the efficacy of BCG vaccination remains to be clarified.
Strongyloides venezuelensis, a murine intestinal parasite, has been used as a model for understanding the host-parasite relationship in strongyloidiasis (Fernandes et al. 2008) . The aim of this study was to evaluate whether S. venezuelensis coinfection can modulate M. bovis infection, affecting IL-17A production and granuloma formation in BALB/c mice.
BALB/c mice were subcutaneously inoculated with 700 third-stage larvae of S. venezuelensis/0.1 mL phosphosphate buffered saline in the abdominal region. Three days after S. venezuelensis inoculation, mice were intravenously (i.v.) inoculated with 1 x 10 5 colony forming units (CFU) of M. bovis (ATCC 19274) . The mice were divided into four groups based on the inoculum used: (i) S. venezuelensis (Sv) alone, (ii) M. bovis (Mb) alone, (iii) Sv and Mb coinfection (CI) and (iv) an uninfected control group. All procedures were performed in accordance with the principles of the Brazilian Code for the Use of Laboratory Animals. This project was approved by the Ethical Committee of Federal University of Juiz de Fora on the use of laboratory animals (034/2006).
Twenty-eight days after M. bovis infection, mice were sacrificed and their lungs were removed and homogenised in distilled water. Ten-fold serial dilutions of the homogenates were placed onto Lowenstein-Jensen agar (Difco, Sparks, MD, USA). After 21 days of incubation at 37ºC and 5% CO 2 , the colonies were counted and bacterial counts in the organs were calculated as log 10 CFU per organ.
IL-17A concentrations in lung homogenates were determined 28 days after M. bovis infection by enzyme linked immunosorbent assay, according to the manufacturer's instructions (eBioscience, San Diego, CA, USA). Lung cells were incubated with anti-CD3-PerCP and anti-CTLA-4-PE mAb (BD Biosciences Pharmingen). Staining was analysed using a FACSCalibur flow cytometer and CellQuest software (Becton Dickinson, San Jose, CA, USA). Hamster IgG1 was used as the isotype control for staining (BD Biosciences Pharmingen). For histological evaluation, lungs were fixed in 10% formaldehyde before processing and then embedded in paraffin. From each block, 5-µm-thick histological sections were cut and stained with haematoxylin-eosin.
Data are reported as mean value ± standard error and were analysed using Mann-Whitney test (GraphPad Prism 5.00). The differences were considered significant at p < 0.05. Results are representative of two independent experiments.
At day seven post-inoculation, S. venezuelensis infection was monitored by counting the number of eggs per gram of faeces in both Sv and CI groups. The number of eggs was higher in the CI group (65.4 ± 11.51) in comparison to the Sv group (37.5 ± 6.72). The results are statistically significant (p < 0.05) and are consistent with previously reported results by Carmo et al. (2009) .
To assess the level of immune protection against pulmonary mycobacterial infection, the viable bacteria count and histological examination of the lungs was determined 28 days after challenge with M. bovis. The bacterial load was 4.961 log in the CI group and 3.618 log in the Mb group. The CI group showed significantly higher CFU compared to the Mb infected group (p < 0.05) (Fig. 1A) .
Examination of lung histological sections from the Mbinfected group reveals the presence of mature granulomas at the peribronchiolar site, with a polymorphonuclear-rich centre and surrounded by macrophages with vacuolated cytoplasm (Fig. 1B-D) . The lungs from mice in the CI group showed diffuse infiltration of mononuclear cells and small granulomas in the parenchyma (Fig. 1E, F) .
The impaired IL-17A production and number of lung cells expressing CTLA-4 were measured 28 days after i.v. infection with M. bovis. IL-17A production in the CI group was significantly less than in the Mb group (p < 0.05� (F�g. 2A�. L�v�l� o� IFN-� an� ��mo� n���o��� �a�-� an� ��mo� n���o��� �a�-and tumor necrosis factor-alpha did not differ between the CI and Mb groups (Supplementary data). Numbers of CD3 + CTLA-4 + cells in the lung were higher in the CI group in comparison to the Mb group (p < 0.05) (Fig. 2B) .
In the present study, concomitant infection with M. bovis and the intestinal helminth S. venezuelensis in BALB/c mice was associated with decreased IL-17A production in lungs. In addition, coinfected mice showed increased bacterial burden and an increased absolute number of cells expressing CTLA-4 in the lungs. These results suggest a critical role of IL-17A in controlling M. bovis infection, which appears to be modulated by concomitant helminth infection.
The reduction of the IL-17A levels and the presence of only small granulomas observed in coinfected mice could be a factor involved in the increased susceptibility to M. bovis infection in this model. IL-17, the main cytokine produced by Th17 cells (Zhou et al. 2007) , has an important role in initiating inflammation, recruiting neutrophils and inducing the formation of granulomas at the site of MTB infection (Stark et al. 2005 , Lockhart et al. 2006 . The reduction of neutrophils in mycobacterial infection has been associated with increased bacterial burden in the lung (Fulton et al. 2002) .
Gamma-delta T cells have been identified as the major IL-17 producer in mycobacterial infection (Lockhart et al. 2006 , Umemura et al. 2007 ). These cells play an impor- tant role in the maturation of granulomas in BCG-infected lungs and the adoptive transfer of these cells successfully reconstitutes the capacity of IL-17A knockout mice (IL-17 -/-) to develop mature granulomas (Yoshida et al. 2010) . Furthermore, the size and number of granulomas in the lungs of IL-17 -/-mice were reduced in comparison to the granulomas in wild-type mice on day 28 of infection. This resulted in a reduction of IFN-� production by CD4 + T cells, causing impaired granuloma formation in M. bovis BCG infection (Umemura et al. 2007 , Yoshida et al. 2010 . Additionally, the lung granulomas of IL-17 -/-mice were less densely packed with mononuclear cells than those in the wild-type mice (Umemura et al. 2007) .
In the present study, an increase in the absolute number of cells expressing CTLA-4 was observed in lungs of mice with concomitant infection. CTLA-4 is expressed by all T lymphocytes and is able to bind to CD80/CD86 in antigen-presenting cells, competing with the coactivation molecule CD28 (Saverino et al. 1999) . In mycobacterial infection, the role of CTLA-4 has been investigated. Blocking CTLA-4 increases the protective immune response against TB, whereas increasing CTLA-4 expression promotes susceptibility to infection (Kirman et al. 1999) . In a recent study, the presence of patent filarial infection in individuals with coexisting latent MTB infection altered the M. tuberculosis-specific immune responses, diminished the production of IL-17 and increased CTLA-4 expression. Furthermore, CT-LA-4 blockade significantly increased the production of both Th1 and Th17 cytokines (Babu et al. 2009 ).
In conclusion, the increased bacterial burden in the lung of CI mice observed in this study could be related to reduced IL-17A production and to the increased absolute number of cells that expressed CTLA-4. This is the first study that shows the importance of IL-17A in experimental models of concomitant infections. Further investigation would be worthwhile into pathways involving IL-17A and CTLA-4 that modulate the immune response to helminth infections, which can alter susceptibility to mycobacterial infections.
